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A . ABSTRAGT o,

/Mu1t1p1e sources of comp11cat1ons in the ana]ys1s of mu1t11eve1
educat;onal data are described and a single concern -~ the determ1nat1on

of a method of analysis that will prov1de accurate est1mates of

/}eacher/c]ass effects when there e systemat1c differences in within- -
c

lass regreSS1ons of outcome on 1nput that are associated with T
teacher/c]ass characteristics -~ is examined. Multilevel approaches
are considered in oddition to traditional pupi]—]evel and class-level
analyt1ca] models. - - )

The results from a simulated model of educat1ona1 effects wh1ch _
allowed the effects of teacher qua11ty:on the.variation 1o the within-
closs slogpes to vary over a range of'heritocrotic, random and compensa-
tory conoitions i]]ystrated that overall between—stodent ana]yses, a
between-class ana]yees, and proposed multilevel methods can“gll yield
misleading estiﬁates of the magnitude of teacher effects .on mean c]ass

outcome. However,se]ected mu1t11eve1 methods prov1de some 1nd1cat1on

~ of misspecification a aﬁﬂ”can 1dent“fy‘the direction of the bias 1n

est1mat1ng teacher effects on mean class outcomes
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.. THE IDENTIFICATION OF TEACHER EFFECTS IN THE PRESENCE. . -
OF HETEROGENEOUS WITHIN-CLASS RELATIONS_OF INPUT TO OUTCOME ‘ \

& o .
Efforts to 1dent1fy the effects of education (e.g., Coleman et a]

\ 1966)- on pupil performance have suffered from a lack of attent1on to
the complications caused by the mu]t1]eve] character of educat1ona] data.
Schools are aggregates of their teachers,_c]assrooms and pupils, and
t ' classrooms are aggregates of the persons and processes within them. This _
' befng the case, the effects of education.exist in one form or another
both between and within the units at each level of tne educational system.‘
Yet the majority of studies of educationa] effects has restricted atten-
cion to either overa]]‘between-student, between-class, or between-school
ana]yses.
‘ Cronbach (1976) argued that the majority 6f studies of educational -
effects carried out thus far conceal more than they reveal, and that "the
established methods have generated false conclusions in many studies"
(p. 1). His concern is fo;eshadowed in the educational literature by the
~ exchange among w1]ey, B]oom, and Glaser as recorded in Wittrock and Wiley

' (1970), and by Haney s_(1974) review of the units of analysis problems

encountered in the evaluation of Project Follow Through. B

e

. g .
In this paper, we attempt to focus on a concrete manifestation of = .

o 3

~ the complexities alluded to above. We are interested in illustrating

selected analytical consequences when the data consist of scores associated

[P S 3

with individual pupils who are nested within classrooms-which are in turn._ ___ -

—— -~

nested W1th1n schools and the primary questions concern the effects of
teachers on pup1] performance with only secondary interest in the efTects of = .-
more global schocl character1st1cs,] _Research on classrooms such as that

carried out by the Educaticnal Testing Service (McDonald and Eiias, 1976)

Q and by the Far West Laboratory for Educational Research (8erliner, 1976) as'

| \

*
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part of the Beginning Teacher Evaluation (BTES) Study attempt to answer ~ A

-

th1s type of quest1on. S .
<]

E 3

Severa] a]ternat1ve ana?yt1ca\ strateg1es will be cons1dered Thesé/
starteg1es include” single ]evel models (e.g.,- between—student ana]ys1s,
between class analysis and se]ected multilevel models (Burste1n, 19763

Burstein and Linn, 1976; "Cronbach, 19763 Cronbach and Webb, 19753 Keesllng

. and Wiley, 1974). Strategies are character1zed as multilevel if they,

requ1re analys1s n at-least two stages for at least two levels of units.
The d1fferencp,{1n the ana]yt1ca] consequences from the various strateg1es
are 11]ustrated by compar1sons using simulated data ‘in' which the magn1tude

'(effect on mean performance) and form (effect on w1thhﬂ class s]opes) of

/ - "»"' S, L
the (ects of the teachér have been var1ed T ,',(ﬁ?_f-
. i;zzf‘ e ,;’/
l Fyad "‘i 4‘"
‘*L;sues in the Cho1ce of Units of Analysis . . ¢ /yf

[rad1t1ona]1y, a var1ety of competing points have been cited as

,;’ justification_ for the choice of either pup1]s or groups (claSSFOOmS,

LY

schoo]s, etc.) as the appropr1ate un1ts of ana]ys1s in stud1es of educa-
N\

< tional effects. Both conceptual and stat1st1ca] arguments have been voiced

-

in favor of either level. A few of the key arguments for pupils or groups

as units of analysis and se]ected‘re]evant references-are statcd below.
(1) In education the phenomena we wish to investigate are pupil out-

comes More specifically, we want to determine the effects of the school

(c]ass, teacher) resources an individual pupil receives, h1s background*'

and the influence of h1s conmun1ty-sett1ng and peers on his educat1ona]

outcomes (Averch et al., 1972; Burstein, 1975, 1976b; Burstein and Knapp,
1975; Burstein and Smith, 1977). Therefore, pupils-are the uhits for

which questions must fina]]yrbe‘answered.

e L)
5 . : .




1976). . SR o -

 (KeesTing and Wiley, 1974). . 9.

-~ (2) Pup11s react as 1nd1V1dua]s and ‘the effects,on them‘shou]d be .

the focus of educational evaluation (B]oom in N1ttrock and N1]ey, ]970,

>

_P. g7lff ). , ‘ S \
{(3) The effects in c]assrooms are an aggrega¢1on of effects of
env1ronmenta] arrangements on 1nd1V1dua]s (G]aser in ulttrock and w11ey,
1970, pp. 271ff) K
(4) Theoretical arguments concerning the effects of educat1ona1

structure on pupil outcomes are formu]atedrat the pupil level. To ‘
analyze the data at the group level 1s«to enhance the 11ke]1hood of spec1-
fication bias and aggregation bias (Hannan, Freeman and Meyer, 1976)

(5) The appropr1ate unit of study 1n educat1ona] eva]uat1on 1s the f

v

. co]]ect1ve -- class or schoo] --_rather than the 1nd1V1dua] The effects

“of a treatment on the classroam are fundamenta]]y d1fferent from the effects
ofbthe treatment on the ﬂnd1V1dua]s w1th1n the classroom (Wiley in w1ttrock
and Wiley, 1970, pp. 271ff). . . . : f‘ ’

1
{

(6) The sampling unit determ1nes the un1t of ana]y51s.” If c1assnooms

are the sampling units, then c]assrooms are the unit of ana]y51s (C11ne

I

et al. 1974, Cronbach, 1976) o )

!
!

(7) The unit of treatment def1nes‘the levél of analysis. _If tneat-
ments are. adm1n1stered to intact c]assrooms, classrooms are the unvts
(Cronbach 1976;‘G]ass and Stan]ey, 19703 Peckham et al., 1969). |

(8) Pupil performances W1th1n c]assrooms are genera]]y correlated

i

with each other. -These dependenc1es d1ctate the choice of between class

anatyses (Glass and Stanley, 1970; G]enden1ng and Porter, 1974, Glendening,

-

(9) Characteristics of the teacher take on the same value for every

_nupi] in a particular classroom. ~ An analysis at the puh%] level overem-

. phasizes the amount of information one has about class-lével variables

6




: pé?cept1on of classroom climate. The sex of a student’s teacher charac- .

. terizes a soc1a] szcho]og1ca1<effect, while the average teacher s?x 1n a

i shou]d determine the appropriate unit of analysis (Burstein, 1976bs. a

— _k,'; - .
T - e Wt

(10) The same manifest var1ab]es answer . d1fferent quest1ons at oL

dwfferent ]evels of analyses. For examp]e, a pupil's perception of c]ass-

room c]1mate has a d1st1nct1y different meaning than the class aggregate

schoo] character1zes an organ1zat1ona] process. Thus, the research f0C1

AN

Cronbach 1976; Scheuch, 1966). - o I L
(11) " Dependence among observations within classrooms is a matter of - {

degree rather than existence. “Furthermore, the analysis of class means.can e

kg
L,

mask between-class d1fferences 1n the within-class d1str1but1ons of out-»

comes and differences in the within-class regress1ons of outcomes on 1nputs

Thus,. the use of class as the unit and.means as the only class stat1st1c
used in the analysis is questionab]e (Brown and Saks, 19753 Burstein, 1976; - ™
a i

. Klitgaard, 1974, 1975; Lohnes, 1972) -
(12) Overall between student ana]yses are we1ghted averages of

between-c]ass and poo]ed W1th1n-c]ass ana]yses and are thus rarely advisable

s

in educat1ona] contexts (Cronbach 1976).-

The arguments c1ted above are compe]11ng and v1rtua]]y unreso]vab]e if .

[
I

“a choice of either pupil or ‘class as the only unit of ana]ys1s 1s requ1red

“The key to a potentially viable so]ut1on is contaJned in points (11) and

(12). The multilevel character of educat1ona] data warrants analytical

. strategies tailored to the 1dent1f1cat1on of educct1ona] effects at and |

within each level of the educational system. The rema1n1ng d1scuSS1on '

focuses on such analysis strategles and oh one specific comp11cat1on -

-

heterogeneous within-class s]opes ~-- that may be encountered in their use. i

aDecomposfng Pupil Outcomes and Teacher Effects R

Once the existence of specific class membership is acknowledged

»




(i.e., 1nstruct1on from a specific teacher) s any measure that var1es over .
pupils can be decomposed into its betweenaclass (teacher) and W1th1n c]ass
That is, the posttest or outcome performance Y

1, cees K

‘(teacher)-components.
of pupil j in class i (j = ], ..., N persons per class; i

classes; for, simplicity, weassume equal-size classes) can be decomposed

into g
- M Yy = Vo (T -V e (T
jndividual ~ grand between-class within-class
outcome ~ mean. effect effect for
, ) ) . . person ij
( If, in addition, we.consider the performance level, X]J, of theﬁpnp1i

pr1or°to enter1ng the class (i.e= the pretest or some .measure of entering

'ab111ty), then the relation of X Yij can also be decomposed into .

~

- between-class and w1thnn—c]ass components.

Following Cronbach (1976, pp. 3.1 - 3.11), this decomposition can be

written as

-

[

° Predicted Between-Class Eftect

(2)- Y.-lj"Y“ = Bb(X.- X‘ )
+ Yi - Bb(X -X ) Adjusted Between-Class Effect
+ BW(X{ Xi ) Pooled Within<Class Effect
+(B. -8 )(Xi Xi )" Specific Within-Class Effect .
t - :
+ €43 Specific Residual A§sociated nith Person ij-
In the above equat1on,8b is the between- c]ass slope from the regress1gn .
of Y on X > B, is the poo]ed within-class s]ope from*th -Lg'ress10n of‘L ' B
¢ ( 7 ) on (X - X ) across an c]assrooms, and thefs .arefthe pec1f1c

W1th1n c]ass s]opes from the regress1on of Y

sets of components are important herg.

j on X j within the ith classroom.
The possible substantive interpretations of spec1fic components and

ad .
For the present discussion, the key




,'ansters) can resu'lt m the average measureu'ent- error;. ' .

'adm1n1ster1ng a measur1ng dev1ce (e,g., a teachersaiving'his/her pupils the )

.
S .

. In any event, large n051t1Ve adJusted c1assroom effects may, be-educa-'

.- "

N

it

tionally des1rab1e. Whatever analys1s strategy is emp1oyed should geﬂerate

accurate est1mates of'th1s teacher/c1ass effect on mean class outcome and,

D
.

ach1eV1ng large effects., R o .

?

Pooled Within-Class Effects. The pooled or common W1th1n-ciass'effect,

‘B ref1ects the tendency. across a11 classes of students above 'the class aver—

age on input to do better or worse on the outcome than the rest of the c1ass.
The interpretation of 8, parallels that of By, ‘wihere 'the former refers to the -
consistent. tendenC1es of the process W1th1n c]ass, while the 1atter deals -
with tendenC1es of class averages. The usual educat1ona1 fxnd1ng~1s ‘that
c]asseggxend_to be strong]y mer1tocrat1c (high positive By ) 1.e., students
with higher inputs gain more:from a given 1ncrement of instruction than stu-
dents with iower jnputs. -An a1ternative compensatory or red1str1but1ve mode1
would have teachers pringing up pupils with lower inputs at a:faster rate ,
than they increase the oerformances of higher ability pup31s. 1f teachers
nad relatively greater compensatory effects, B,y ~would 'still be positive, most.
1ikely, but closer to zero than 1n‘mer1tocrat1c classes.

Est1mat1on of the commonaw1th1n -class regression is also of va1ue in the

study of teacher effects. B,y provides an 1nd1cat10n "of the overall red1s-

A

_tributive properties bf the classroom 1nstruct1on encountered in the school -

'popu1at1on represented in the study. If policy makers and teacher educators

are intent on ra1s1ng the re1at1ve performance of low ability and low SES

youth through better teaching methods and more skilled teachers, B, 1nd1-

.

—

cates the magnitude of the problem they will encounter.

Specific Within-Glass Effects. . The within-class regress1on\of pupil

outcome on pupil inputs (wh1ch we denoted by Bi) is 1ikely to vary across

10

LY

hopeful1y, sheuld identify generalizable characterist1cs of teachers/c1asses \.-

. *
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TS classrooms. Cronbach-(1976, p. 316) cites as sources of the variation in T
‘i_ . Bj (a) samp11ng var1ab1§1ty due to chance and stab111ty’prob1ems due to -
. N small c]ass sizes when the processes operat1ng in the classes are the .
. T same- (b) dlfferences in the se]ectlon factors formlng the classes, and
. ¥ (c) dlfferences in casua] processes golng on ln‘\he c]assrooms. Thxs last
S o sdurce encompasses the poss1b1]1ty that some teachers have relatlvely greater
- N menltocratlc-effects cn pup11 outcomes uhlle otherﬁ'have;re]atnvely greater

compensatory (redlstrlbutwve) effects or s1mp]y that teachers dlffer 1n the .

- - A 3

ENERES degree to-whlch they are meritocratic. .. :

-
1 - ‘0 M - ~

: " Jf we could ruTe out stab111ty prqb]ems (a blg if). and d1fferent se]ec-

y L
Y

b

source .of 1nformatlon to researchers and po]1cy nakers, especxa]&y whén, .

.
Ad .
e
D) S

»

such 1nformatlon is_ comb1ned w1th the adJusted c]asS'Effocts dlscus*ed

ear11er. One can argue that 1soTat1on-of teacher httr1butes and’ skx]]s that
\

v

a cost-benefit in terms of the match of pupils, teachers, and schools that

cannot be obtained by the consideration of adjusted class effects on mean

.
< " ¢

* outcomes. . . .

N _ Actual]y,we caq view a spec1f1e teacher's effect on the overa]] i
performance level of the c1ass and on the‘re]atlve performance of pupils
within the class in a variety of ways. Severa]ka]ternatives are i]lpstratéd

in Figure 1. In each ¢§§Z, we have assumed that input and outcome scores .
afé"avai]ab1e from the pupiis*in two classrooms of equal size and with the.

, ;\ same distribucion of entering performance | ‘ -

The three pane]s reflect mean offects only (pane] (a)), s]ope effects

only (panel (b)) and comblned mean and slope effects {panel (c)), respec-

tively.

-

<

L

.
VR

AP
X

tlon'ru]es s reasonab]e-exp]anat1ons, the, var1at.on in B would become a potent

£

‘%

are associated with compensatory or meritocratic within-Class. effects offers - .

.
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Figure 1. Hypothet;cal Teacher Effects: Same Range of Entry
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A key quest1on that should be asked about analysis strategies emp]oyed

with classroom data 1s whether they are sensitive to the teacher effects — — --

depicted in Figure 1. For example, a between-class analysis of class means

;—»w—~jm ~~{either analysis of variance with c]asses as un1ts, and teacher qua]1ty as .
the’ lndependent variable, or analysis of covariance with input as the covar-
iate) would accurate]y identify,any teacher quality effects on mean performance‘
n - in a1l three panels. However, an ana]yS1s of class means will not d1st1ngu1sh
the effects dep1cted in panel (a) (effect on mean- outcome only) from the ef-
fects in panel (c) (effect on mean outcome and s]ope) “Nor would such an
ana]ys1s detect that teacher (A) and teacher (B) from p&ne\ (b) have d1fferenq>
effects on pup1]s at d1fferent ]eve]s of input even though'the mean perfor- ———
i mance of the1r pupx]s is the same.. \\

-

F1gure 2 dep1cts teacher effects on c]ass mean and/or on s]bpes when

N ' i

‘.& ‘. . 'i
. the c1asses a]so d1ffer in the range of enter1ng performance Note that |
“ > " 4n paneTs (b) and (c),the component for the between c]ass effect (Bb) from - _J

equatlpn 2 had to be 1ntroduced 1n order to operat1ona11ze the concept

-of no teacher effect on class means for a compar1son of two teachers. By'
say1ng that there are no differences in" the effects of teacher A and - - L
teacher B on class mean performance (panel {b)), we mean that the two

teachers have. the same adjusted class effects:

R S AT R

(see second component of equation (2)).

O B G . e e e g vy =

OO O s e e o b e e P s

We are again interested in the sensitivity of alternative analysi

.{'L. ‘ h sfrategues to the dep1cted teacher effects. The results of a between— lass -

-‘"

- ana]ys1s of c]ass“r,ans will d1ffer in one important respect from the

results, for the caSes d@p1cted 1n Figure 1. Though accurate est1mates of
Y hd teacher effects on mean class peaformance are still poss1b]e for the
;‘ T . ~ ] Y

\‘l « ' > v, .
EMC ‘\'.\ T". ‘,' P T P - ~ “\ . 13 N
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cases in panels (a) and-(b), the magnitude of the teacher effect on mean
.+ performance is overestimated for the case depicted in (c). And, as with .
the cases depicted‘in Figure 1, an analysis of means aloggmwgq}d_obviougly |
‘fail to detect betwe;n-c]ass differences in s]opé for the Eases depicted -

in Figure 2.

e

Ideally, the researcher would want to control for slope differences

~in assessing mean effects, and control for mean differences in assessing
/

s]gpe effects. Theoretically, with robust estimation of specific within-~
class slopes, between-class regressions of class means and class slopes on

teacher characteristics should enable the investigator to determine whether

¢

iy T :_: he is in case (a), (b) or (c) from Figure 1. Our simulation below demon-

[}

- strates how we expect this analytical strategy to operate.

-

* - .

He do not yet know the importance of(diffgrenceé in specific within-

class regressions. Regressions based on populations of size 30 (classes

-

Do are fixed populations ignoring transiency and absenteeism) are not highly
robust_ with respect'to outliers. A few atypical cases can dominate .,
. between-class differences in slopes (see later comments on Cronbach), The™

investigator obviously must eliminate outlier effects as. a plausible ex-

planation for heterogeneous slopes before proceeding with de;ai]ed analysis o

of the antecedents of slope differences. For the remainder of this paper,

.we will assume that the heterogeneous speciﬁié within-class slopes are not

simply artifacts due to outliers, but instead represent a teacher/class

characteristic when they occur. . -t

Alternative Analytical Hode]g‘ . ' ) |

Yij = Outcome of person j in class i; ) _ \ %

—— ~5i5~f_§ﬂfefi29_PEIfEETE"?? of person j in class i3 ’ ;
" 1. = Teacher/class qua]ity_6¥_23;;s is T - ‘r-—%

1

o u..,.v. = Disturbance terms.’ |
ERIC - g % = Disturban 14 < -~

ic - * |
. o . . < - —- -
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Vg ----;;;;1”,;;acher B ,
. ] ]
- - maee . . ’ -

- INPUT (xij) ) . i

- {a) Teacher Effect on Mean Outcome; No Teacher Effect:on Slope. ‘

E Between-Class Slope ‘
Teacher A '

e £ 555 )
SREE— mohE §
S ouTCoME (Y, ) BT P o

iJ 2N B *Teacher B~ "~ = |
' Al AN ' .
v [ 3 ] L4
[} ]
14 ]
] ]
] ]
! !
kg Xy -

INPUT (X;5) -

\
b3 .

(b) No Teacher E%f&ct on Adjusted Mean Outcome; Teacher Effect on Slope.

L . Teacher A tl‘Between-Class Slope - - N
OUTCOME_(Yij) ‘ N
Teacher B
, = ]
]
- d .
. X & ‘
INPUT (xij) '
_ {c) Teacher Effect on Adjusted Mean Qutcomé; Teqphe} Effect on Slope

L4

F{gure 2. Hypothetical Teacher Effects: Diffeﬁent Range of Entry

" - 15




. R : .
Between-Student Analysis - . ,
() oY =Xy - X ) bylTy - IRESTE ;
g] ; pooled within-class slope;
: by, = adjusted class effect. :

Between-Class Analysis

() - = bglhy - SRR UINEREO AT

by = betwean-class slope; : .

b4 = adjusted between-class effect.

o

Between-Group, Pooled within-Grouﬁ'Analysis -~ Cronbach (1976)

-}

(6) 1:. _~Y” = DYTT + Bb(xi. 3 X”) +.Vi.. - | . .‘ -

——

VT o b4 when'T is a continuous single variab]e.

(7) Yij"Yi. B(X 'X)'*'(U.-U)t‘

-

Note: B8 = bi when T represents betyeen-c]ass differences.

Rggresswon Ana]yszs for H1erarch1ca1 Data -- Keesling and w11ey (1974)

x#

Theoret1ca1
(8 Yiy- Vim ey X g
* (LX) ey - . ,
Z, = ddhmyﬁyariables for classes ’

-ty
\

By s«effects of E]ass-pietest interaction
] " Practice ~ ‘
¢ . (9) ‘?i =~ +'YT+A(?-) +¢- \ o
Y. = _mean predicted outcome computed from aggregat1on of 1nd1v1dua1

outcomes predicted from poo]ed within-group regreSS1on.

- “

< | 16
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-n
- 4 .
- - 7

‘ . had-2 b .

: f

T : *
s - - L3S . .
S e - .
, . — - =14 .

—

) — —y—=effécts-of-class-level variables denoted by T, analogous to
adjusted class effects. =
A = effects of bfédicted class mean (removes specification bias
due to omission Of relevant class-level variables). % .

_Analyses of Slopes and Interéepts - Burstein (1976 and Burstein and -

Linn (1976) -
(10) ¥y =¥ =byT+ Ty “ ST
S B2 Tl URLP | — ]
T
- where

Bs = specific within-class regréssions.

-~

o . §%mu1ation of Educational Effects‘

In an effort to determine the degree of commonality “of results among

the strategies described above, we simulated the following structurai_que17:'

4

b, .X

Y = e . -
(1) Yo = byqTys * Fage ¥ Bighige * Vil o

Tij .]Si + T - (.])2 UZijk

’ sgo= v /ro2? Vs o o :

Fiik g“/ﬁ),}:i.. + (21545
B | s
o e %t ? Usigk
byy =1+ M5 * /1t c? Ysisi -

-

One substantive interpretation of the model i§ that posttest performahce

2

for student k in class iJj, Y}jk’ is a function of the student's entering

~

& . . I

2
. T
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performance—--X1 k;—the—student-s—fam+4y—baek§round——F—SET—the—qual%ty-of-——;__-___
- instruction received, Tss j? and a random d1sturbance term, U k( N(0,1)). T

Furthermore, teacher qUaT1ty (T ) is a function of school quaT1ty (S )8

which is, in turn, partly determ1ned by the mean fam1Ty background of the:

pupils attending the schooT (F ). Also, the 1nd1v1dua] pupiT s famlly

o

) background (F k) affects his or her pretest performance Finally, the

v

- from independently distributed normal distributions with means and variances

e

1
o
U's, the disturbance terms 1nthe model, are all pseudo random numbers . |
: |
T

chosen for convenience.
Y )
]

A e e --\—,

The twe mode] parameters, bYT and'c, were var1ed to ref]ect‘d1fferen YT
degrees of dependence of posttest on teacher quaT1ty YT E”f]ects the

_direct effects of teacher qua]1ty on mean performance of fhe cTass.~ ~: _ .

e

The values of bYT‘ 0 (no direct effect) and bYT .3 (moderate eirect)

v, -were chosen for the 51mu1atlon S Ta . -;. .

{ f‘ s L ’
‘ ) The un1que feature of the s1muTat1on is that the b 52 the spec1f\c w1th1n-
<
cTassregress1onsof outcone in input, vary across cTassrooms either ran-

domly or as a systemat1c functlon of teacher quaT1ty The parameter c %
determines the strength and the d1rect1un of the reTationship'of within-cﬂass
*~'slope to teacher quality. Pos1t1ve ¢ values cause hlgher quality teachers -

to have steeper slopes (be more mer1tocrat1c) Negative ¢ values cause

higher quality teachers to have flatter slopes (bé more compensatory)

The anaTyses and discussion that follow are based on the generat1on of

—_—

‘a single set of pseudo normaT deviates to simulate a samp]e of n 5 90

cTassronms with n = 30 pupils per classroom (N = niM = 2700) Ten LT

. ' d1st1nct sets of data were formed by varying the direct effect of teacher

qua]1ty (byy = -0, .3) and the effects of teacher qua]lty on the var1at1on
in bij(c = .8, .4, .0, -.4, -.8).
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' ! Sing]e Level Ana]ys1s. The pupil- level and class- leve] regress1ons

P e ——

of-outcome—on pxetest famity-backgrounds—and- teaeher—qua+1ty—%¥ab}es—s—~—————————

[ and 4) provide further support for our concern about systematic class-to- -

c]ass variations in slopes. The estimated partia] regression coefficients

|
T\ for the regreSS1on of Yon T, F and X are reported in Table 3 for the -

between-student,ana]ys1s and in Tab]e 4 for the between c]ass ana]yses

~ o

The estimates are reported for the various comb1nat1ons of the S1mu]at1on
parameters (BYT and c). A]] est1mates have\been adJusted to remove per-

turbat1ons in the S1mu]at1on such that b YT BYT when c=0._ Under the

" .

T——
assumpt1on that we have 1dent1f1ed the relevant antecedent var1ab]es T

(F X, T) which® determine pupil performance (a highly tenuous assumpt1on

A i . ' wh1ch we consider later- on?:—either between student or between class

“b

ana]yses yield the approxiamte parameter estimates as xong as var1at1on in !

y St
4 5

Ay
. 2wy

W o . within- c]ass s]bpes is essentially rafidom.

\ e '
- " When teachers have either compensatory or mer1tocrat1c effects on L)

. within-class s]opes, however, the picture becomes more complex. Though -
_estimates of bYFjand be are virtua]]yﬂunaffected*in anaiyses at the.pupi]-,_ . -
Tevel, the estimates of bYT are dramatically distorted in the direction
of the effects of teacher gua]1ty on. the s]ope Moreover, in a between~ l
c]ass anaTys1s, systematic va/nat1on of w1th1n class s]opes affects the e “,

éstimation- of both byy and bg. . ' - - .

X YT
It is important to keep in mind that we are focussing on the potential

v s ’ 3 ) - o

analytical consequences .of heterogeneous mjthin-c]ass,regressions in . .

educatijonal effects studies. Under such circumstances, models which assume

{

39 N e .' J'/..

‘—
e

T
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Table 4. Between-class regressions—of—outcome (Y) on teacher _
quality (T), family background-(F) and mean pretest. (X)
as a function of the relation of teacher quality to - ‘ L
‘outcome (BYT) and to variation in within-class,slopes (c). -

Simulation :
Paraméters Parameter Estimates

Byp € bgr- bgp bz

o 8 .37 A7 T 8] o v T
S .4 .5 .20 -8 . DR

- et e i Sh— v
—_— P
,
e ¥ @; (
..
EE
-« -
[
1
- M - . ot
4 s «
T . .
LY ’ ‘ cf_’
] / .
-
T - s e e
- ~
/‘“\ - -
S
ey F
. <
By ¥ . 5 @
‘ z
-
* =~ L] »
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‘;,;'"': L " ' L . - ——— - , -
B ) * * '- . “\‘e: B ) ‘ j
§ Table 3. Between=student-regressions—of_outcome (Y)_on teacher 7
: . quality (T), family background (F) and pretest S O e ——
' function of the relations of teacher quality to dutceme
| (BYT) and to variation in within-class slopes (c). ]
sinulation |
Parameters _ Parameter Estimates e %
- led ~ a ~ _‘a e s AP s ]
Byp  © by By byx
S T I | <y
R o4 | .2 .20 e
v ~ 0 - .0 .00 .20 1.00
e o0 T - a7 w0 2 100
Ne _.-.8 238 - .21 7 9T s )
N\ .
) N hiatedubeinbuintabuind - ”??F._':?':::::.-L-;,-F_:;‘-ﬂk ------- — ;
T .8 =73 <20 1.00 . i
- ' : " - ¥ o
4 51 .20 1.00 g
T3 .0 30 .20 1000 )
‘ -4 J0 T2 .8 - — ]
-.8 .-.09 © .22 1.00
S \ 7 he paraméters in the simulation are by, ='.2;‘b'Y'X'“="'I’.0T'”“ ;
, . AN . ot . LA . N “ —-).‘;7];‘
"A\‘bA]'I estimates have been adjusted go. remove effefts due to . o
“perturbations ip the simulation. "The adjustmerit causes the 7 7
values in the cases when By = .0 or .3 and c = 0 to edual _ . Cn
ce . the,specified parameter values. The magnitudes of the - el
- - .. adjustmeénts are .06 (T} .03 (F)"and .01 (X) when Byt =.0
) _and .07 (T)5\(02 (F) and .02 (X) when By; = 3. .
- . ) )
Y o - R
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a common w1th1n-c]ass siope are m1sspec1f1ed and can be expected to result’

MY T e — et

= T in ﬁTased—estrmat%onv__So;&u; our _main conclus1on from the S1mu]at1on is

i =
U S,

that ne1ther,pup11 -level nor c]ass-]eve] analyses W1]] y1e]d correct

estimates of teacher/class effects when there are systemat1c differences

in w1th1n class s]opes that are determined by teacher’ qua]wty AR

O - _Multilevel Analyses. Tabnes 5 and 6 preseht the results from ana1y21ng -

"\ the 10°sets of s1mu]ated‘data accord:ng to etther the Kees]1ng-N11ey (Tab]e

[t

h §) or the slope-intercept strategy (Table 6). - -

§ s ;

As expected the estimates of the effects of T on mear outcome Y

across all s1mu}ated conditions are essentially the same for the Kees]1ng-

v W11ey analysis (YT in Table 5) the ‘slope- 1ntercept ana]ys1s (BYT in”

Table 6) and the tWO s1ng1e -level analysis (bYT in Tab1e 3 and bY

*—rz—_--~»wu1abJe~4) Thls occurs because we have assumed that we know the true mode]

LA
»

[ ' _— and that we can measure ‘teacher quaa1ty on a s1ngle sca]e In actual
pract1ce, neither of- these assumpt1ons is met in genera] Nonetheless;; o

v

: al] of the analytical. strateg1es ‘reflect the d1stort1ons in the est1mates ' |

coa
5 XX 2 a PR S

e . f~direct teacher effects on pupil outcomé$ when there 1s.systemat1c_
var1ab1]1ty in within- c]ass s]opes which- 1s re]ated to teacher qua}qty to.
“A11 four strategles (and Cronbach's approach as weQJ) will generate over-

estimates of the -direct effects of teac::r qua]1ty when the better teachers '

;, have steeper slopes (c .8) and underest1mates~ef d1rect teacher effects

when the better, teachers have™ f]atter slopes (c = - 4, - 89 .

£

The potent1a1 advantage of e1ther the s]ope-1nterceot ana]ys1s or the
Kees]1ng-w1]ey analysis when compared to the between student and the between-'

.class-: regress1ons js derived from theadd1t1ona] information prov1ded about

»

the adequacy of the ana]ys1s of c]ass means. The dev1at1ons of yY from+«

\
I3

- 22 P

h
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s = ‘ "20"
) Table 5. Estimates of teacher effects (yT) and model m1sspec1f1-
e .. cation (YY) from a' Kees'lmg-m'ley ana‘ly51s.
e . o
T - Simulation _ - Parameter’ Estmates —
\ Parameters | Teacher Effect— Model M1SSpec1f1cat1on ’
. \ : AR .
- BYT c ' (YT) . A (Yy) -
S 7_ R 43 .03
o, .4 0 I N R
- ot v ‘ / T . C
—— .0 L0 1 00 - o - 100 .
e e i 7 S—
i - -.8 239 s T Y 1
R ) T“t';““ """"""""""""""""
"~ 8|~ .73 - 1.03
- L%
et TE .4 .51 99~ °
L 3.0 .30 : .00
SR : - 20 o5
_ ) .8 -.09- 1.15
> I« N
. L %For-a correctly spec1f1ed c'lass level mode], yy, is expected to
o Cos equa'l 1.00. ~ 3 ,
. \ bEstlmates of- YT have been adJusted to remove_effects due to per-
T "~ .~ turbations in the simulation. The adjustment” causes the values
of Yy to equal the specifigd parameter values when ¢ = 0 and"
BYT 0 OY' 3 N ' . .' »; . \\ x
! ) o ]
TN
t . ° - 23 . ;
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" Table 6. Estimates,of effects of teacher quality on-class—mean—— .~ _
outcome (bYT) and within-class slope (BaT) from a '

slope-intercept analysis.

T . (T T -
—_—_T_‘T__*—“—‘-T—ﬁh_h~—‘r_‘&~—§ﬂﬁfﬁﬁﬁnnj——~J - ) ) -t
: Parameters -h-Fg;EﬁEféEfEstimatesa_N\_m
T e b= b~ Mx"““"“w-;;_
, T By © ber Dar .
| .8 482 .09
v».: - - - a N .?' — s ‘0-‘
L ' .4 22 .05 R
3 ‘ e e ,
. vt_" - v 00 - 00 000 000 - . -
e -.4 -20 .02 ' )
= ‘ -.08 -04\0 -009
| ' AT T B .09
- .4 .52 .05
= 3 .0 .30 .00 )
- -04 - o]o -.04
, \ -.8 =0 =09 .
DN ‘ . '
- R ~ { IS _
, qstimates of B?T have been adjusted to remove effects due to
v perturbations in the simulation. The adjustment causes the
. = * values of va to equal the specified parameter values when
S L ‘ * - C = 0 and BYT - oo OY‘ ..3. . g}}:
i e ~




* reported in the last column of Table 6. _Thus, as can be seen, BET

“used in the simulatior and when c'= -4 or

_standard hypothesis test.

T - S e

~
-

M;I.O suggest, perhaps, that the Keesling-Wiley strategy is sensitive to the

problem of systematic variation in within-class slopes though apparent]yfsuch

effects must be of substant{aftmagnitudewtg be detectable.

o . - . _

If so, in the

————

presence of specification errors such as the exclusion}ofxgxrelevant variable °

and the existence of large systematic differences®in within-class s]opes,.the

Keesling-Wiley ana]ysis sufficiently warns the investigator that cautﬁbn is

-necessary in making inferences.‘ The search for additional causes and the re-

—

consideration of the adequacy of the poo]ed within-class adJustment are natura]

S

“\\
next steps for the forewarned 1nvest1gator. .

In c0ntrast to the Kees]1ng-w11ey ana1y51s and the regreSS1ons at the

\ >

pup11 and c]ass lévels, the 1nvest1gator can. Iearn about- the d1rect10n in
which estimates of «teacher effects are biased by exam1n1ng béT from a
fo? every combination of systematic slope differ-

‘ ‘ /
ences in _the simulation, bYT deviates from the BYT in randonfyariation case

slope=intercept analysis.

in the direction of the effect of teacher quality on within-class slopes. .

~

4 or .é, by

When-¢ = T

overestimates BYf.regardless of level (.D or ,3)

-.8, b%T underestimates Byt~

The values .4, .0, -.4, and -.8 are the direct etfects of T on varfation

in B;- Since the standard deviation of 8] in the simulation model was set -,

atd.], the magnitudes of the effects_cahﬂbe expected to be .08, ;b4, Joo,

1y

-.04 and -.08 which compare favorably with the estimzted values of GET ey
successfully capturé@ the magnitude and:direction of the effects of f on
variation in B, even when the effects are small.

The resu]ts from the s]ope 1ntercept analysis are not un1form11y
pos1t1ve however. Unfortunately, at the two moderate vaﬁues of ¢ (. 4,

-.4), the effects of T on. B; m1ght be cons1dered nons1gn1f1cant by a

Nonetheless, the 1nterpretah1]1ty of teacher«

PO

25 . -
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"teacher/class characterlst1cs. Mu]t11eve1 approaches suggested by N

r-
"a range of mer1tocrat1c (pos1t1ve velation of teacher quallty to w1thin- o

‘pup11 outcome was also Varled Between-student and between-c%ass regres-

_ sions of outcome on all variables spec1f1ed in- the mode] vere run 1n

ditions reflectnd in the simulation, the fo]]ow1ng conclusions were 75y -

. " v
3 M L4
-23~
.

T -

o

o

effects is obvicusly enhanced by the examjnation of specif ¢ w1thqn-c1ass

s]opesfénder the- conditions cons1dered here. Lo _:3\‘ o -
: _ _ R
Concliisjons and Caveats - T T e,

. -

Though mu]ttple.sources of complications’ in the ana]y51$ of hu1t1-
1evel educational data were c1ted, we have focussed on a s1ng]e concérn - R
the ‘determination of a method of analysis “that will prov1de accurate .
esttmates of teacher/class effects when there are,systematlc dlfferences e

1
in within- c]ass regre551ons of outcome zn 1nput that are assoc1ated W]th ) 3.~]

Cronbach (1976, Cronbach “and Webb 1975) Keesllng and W11ey (1974), and B f§?“a

Burstein (1976b; Burstein and L1nn, 1976) viere cons1dered;1q\add1t1on to o -"

\,é'\':; 3 u oy .

traditional pupil-level and c]ass Tevel analyfmcal mode]s.e~?%}n*' T
‘ . . : . wtiy.-"' R N

- A mode] of educat10na1 effects was SImulated wherelnetheceffects‘of ‘:'~ o

teacher qua]aty on the varlatlon in the within-class s]bpes was var1ed avé?' -)r

-(a ’*\‘-

class s]ope), random and compensatory (negatlve re]atlon of teacher‘qualwty

to w1th1n class slope) effects. _The d1re3t effects of teacher qualltwﬂon '{'

addition to the Kees]1ng-W1]ey ‘and s]ope-lntercept anaJyses. For the’ con--

A

LY
reached regardlng the 1dent1f1catlon of educat10na1 effects in the presence

~ ’

of systemat1c‘d1fferences 1n°between-c1ass s]opeS' - N v

(1) An overall between-student ana]ys1s, a between-c]ass ana]ySIS,

Kees]xng-w1ley ana1y51s and a s%ope—1ntercept ana]ys1s all y1e1ded

,mwsIeadlng est1mates of the magnitude of teacher effects on mean c!ass

outcome. . L . . -




-

. systematic effects We 1ntroduced were of the S1mp11st form possible -~ // )

/ . '_24‘_ i

X
. (2) The Kees ng-u1}ey ?;}hOd of ana]yS1s provides some 1nd1cat1on \

of nnsspec1f1cat1on ue to- deTetion of relevant causes and - perhaps due to .

¢+

»

systemat1c dwfferences in w:fh1g -class slopes. f

-

(3) The s]ope 1ntercept method of analysis proV1des an 1nd1cat1on
of the direction of the b1ai\?n est1mat1ng teacher effects on mean c]ass

w

outcomes and may also suggest thé sever1ty of such biases.
The;genera]1ty of our conc]uS1ons is limited by the restr1ct1ve .

nature of-the swmu]at1on,we carr1ed out. We cons1dered a re]at1ve1y )

stra htforuard educat1ona] effects model generated from a single set of

>~ L -

h norma] devwates whpse only s1gn1f1cant educat1ve feature was the 1ntroduc—

tton of systemat1c teacher effects on W1th1n-class s10g

3 ' ver, the y

/

2

direct 11near relations of teacher qua]1ty to var1at1on ‘in the within- c]ass

,slopes.

‘other approach.

3

It is unlikeTy that actua] d1fferences in within-class slopes would

I

arise in this stra1ghtforward fashion. Any Judgments about the 11Pe1y

occurrence of biases as large or larger than those from the 51mu]at1on when

di fferences among within-class s]opes are attributable to more comp]ex sets

of systemat1c factors would be purefy speculative.

/

Heterogeneity of w1th1n- Tass slopes can have serious effects and

thus deserves cons1deratJon whether by the procedures used above or some

3

é/for examp]e a standard test of para]]e]1sm of regression

' slopes as in the analysis of covariance might be used to nroV1de the same azj

1nformat1on generated by the Kees]1ng -Wiley and s]ope 1ntercept-ana]y§es

" Once heterogene1ty of the W1th1n-c]ass regress1ons 1s 1nd1cated an

exam1nat1on of p]ots of within- c]ass s]opes versus var1ab]es like teacher

X

.qual1ty (which may be unmeasurable) can lead to part1a] disentanglement of

“outliers.

Theé investigator might also consider a model at the pupi]']euei

which examines the effects of teacher quality controlling for difterences in

& 2 7 . a
.
N - . .

& - P
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within-class slopes. Haﬁnan, Rogosa and Young (personal coinmunication)
have suggested such a strategy as a viable alternative for‘dvercoming the

heterogeneity of regression’ preblems. - " .

In an earlier paper (Burstein, 1976) we argued that the development
[ e e —;-——-of approaches for the analysis of multilevel data i> essential if we are

to avoid looking at effects, one class at a time. Cronbach (]976) has

) stated this same concern-more eloquently and with more caut1on about the

T . - possibility of deve]op1ng a universally successful strategy. His caution

is well just{fied if the results from our simulation of a _fairly restric-

Q

-

’ ‘ will pe encountered in realistic settings.

o

tive set of comp]ications.prévide any indication of the difficulties that
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FOOTNOTES

- N - -

1. With no loss of generality, we could have chosen to consider the effects

" of schools on pupils rather than the effects of teachers Studies such

as the ‘Coleman Report (Coleman et al, 1966) and the IEA Six Subjects

- , Survey (e g., Comber and Keeves, 1973) ,which employ primarily global
‘ schoo? cnaracteristicS‘(e.g., availability of laboratory equipment, - S
principal's experienced and. school-level aggregates of: teacher charac-
teristics; e.g., average teacher experience, average teacher age) have
essentialy two levels of analysis (pupil; schob]) However; such ’
studies cannot identify “the role of the pup1] s own teacher on h1s or
her educat1ona] perfordsgye

&

2. For our purposes, we assume that class and teacher are comp]ete]y ;o

confounded , . E .

3. In practuce an operat1ona11zat1on of the not1on of meritocracy is’
« called for. But if the value of By from a regress1on 1nvoIV1ng stan-
dardized var1ab7es approaches- the typ1ca1 vdlue for pretest posttest o
correlations (. 7—-9), the process {; surely more mer1tocrat1c than,_,»—————~”

J—
- '7__7,,___..7-»4-—

. compensatory. : - ,,L”«ﬂ~mnd~— Lo

_ 4. There is % loss in translating this method to a setting with pupils
. . . and‘classrooms as meaningful levels jn the discussion that follows.

5. Their assumption of the non-existence of such interactions seems to ‘
be made more on the basis of complications in the computational a]gor-
ithm than on theoretical groungds. : ’ ’ . -

.6. The §1ope-intercept method described here represents a modification ' «
of the procedures proposed in Burstein (1976b). We have‘dropped,.for
the time being, the idea of treating the standard error as an_addi-
tional outcome variable and have used Y » rather than o,, as an outcome
. variable. The latter substitution was made to reduce the 1nf1uence of

”

the strong negatwve correlation between o and 8 across classrooms.

7. The specifics of the simulation are more complex than are presented
here. We provide what we believe to be suff1c1ent 1nformat1on to

¢ -

identify the emphasis and the implications of the s1mu1ated 111ustrat1on

l & e ~
IO
© . e \ ’
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3./' ‘ §
of model differences. Further details about the actual simulation

are available from the authors.

:Ne note in passing that our model posits no direct effects of school

quality on pupil outcomes. In the simulation, we\perceived’school
qua]ity to influence performéﬁce through the ability to attract

quality teaching or to organize -classrooms in a manner conducive .
~on\high performance. Thé latter effect @ou]d also appear to be a

teacher effect.

—
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